Horn fly resistance to synthetic pyrethroids is currently widespread in North America (Sparks et al. 1985 , Mwangala & Galloway 1993 , Kunz et al. 1995 as far South, in Argentina (Guglielmone et al. 1998 ). However, reports of resistance to organophosphate (OP) insecticides have been relatively rare events.
Horn fly resistance to OPs has been reported to fenchlorphos (Burns & Wilson 1963) , tetrachlorvinphos (Sheppard 1983 , Harvey et al. 1984 , pirimiphos-methyl (Cilek et al. 1991 , Steelman et al. 1994 , Barros et al. 1999 , 2001 , ethion, fenthion (Barros et al. 2001) , and diazinon. Resistance to diazinon was initially detected in bioassays (Cilek et al. 1991 , Steelman et al. 1994 ) and later correlated with product failure (Barros et al. 2001) . Diazinon resistance developed in four years due to yearly ear tag use, followed by cross-resistance to ethion, fenthion, pirimiphos-methyl, and tetrachlorvinphos (Barros et al. 2001) . Currently, there are no reports of horn fly resistance to diazinon outside the USA. Rather, high susceptibility to diazinon has recently been detected in several populations from Argentina and Southern Brazil (Guglielmone et al. 2000) .
The OP insecticides are considered important tools in the management of pyrethroid-resistant populations. Diazinon is particularly important because enhanced susceptibility of the pyrethroid-resistant flies to this OP (Sheppard & Marchiondo 1987 , Cilek et al. 1995 providing adequate control under field conditions (Byford et al. 1988) .
This study was part of a comprehensive survey on horn fly resistance to insecticides conducted in several regions of the country and reports some initial information on the susceptibility of horn fly populations to diazinon from two states in Central Brazil.
MATERIALS AND METHODS
From October 2000 to April 2001, susceptibility of wild horn fly populations to diazinon was measured at 18 cattle ranches from 10 counties, in the states of Mato Grosso and Mato Grosso do Sul, Central Brazil.
Susceptibility of horn fly populations was assessed by using impregnated filter paper bioassays adapted from Sheppard and Hinkle (1987) . Insecticide kits for the bioassays were produced at the Laboratory of Entomology of the Embrapa Pantanal by diluting technical diazinon (97.3% purity, Novartis) in acetone p.a. (Merck) to obtain eight concentrations (0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 1.2, and 1.6 µg/cm 2 ) of the insecticide on labeled filter papers (Whatman #1). Three replicates were made for each concentration. Impregnated filter papers were wrapped in aluminum foil after at least 3 h drying and then stored in refrigerator (6ºC) until use. Bioassay kits were set up by placing the impregnated papers on the inverted top (top facing down) of disposable plastic petri dishes (Cral, 90 x 15 mm). Papers were used four times, twice each paper side. A single hole (about Ø1 cm) was made at the center of the bottom (facing up) of the dishes to permit fly loading. Filter papers treated with acetone only were used as controls.
Flies were tested immediately after capture with hand nets on cattle. About 100 flies were distributed in three petri dishes per concentration. Mortality was assessed immediately after dishes were loaded, to check for any early mortality caused by fly manipulation, and after 2 h of exposure to the insecticide. Flies unable to walk were considered dead. Mortality data were corrected by Abbott's formula (Abbott 1925 ) when necessary and analyzed by POLO-PC (LeOra Software 1987) . Bioassays with fly mortality at the control dishes higher than 10% were excluded.
A bioassay with horn flies from an insecticide-susceptible colony maintained at the Knipling-Bushland US Livestock Insects Research Laboratory, USDA-ARS (Kerrville, TX) was conducted in November 2000, using the same insecticide kit, to provide a susceptible reference LC 50 for resistance ratio (RR) calculations (LC 50 from field population/LC 50 from susceptible colony).
In addition, wild fly mortality at the highest concentration (1.6 µg/cm 2 ) was checked after 4 h exposure for the presence of diazinon-resistant individuals as suggested by Barros et al. (2001) .
RESULTS AND DISCUSSION
The LC 50 s from wild populations ranged from 0.15 to 0.64 µg/cm 2 and were always lower compared with the LC 50 (1.09 µg/cm 2 ) for the susceptible reference population (Table) . Consequently, all tested populations expressed a high level of susceptibility to diazinon. Similar findings have been previously reported from pyrethroidresistant horn flies (Sheppard & Marchiondo 1987 , Crosby et al. 1991 . The mechanism behind this negative crossresistance was suggested to be increased metabolism (activation) of diazinon by increased activity of mixed function oxidases present in resistant flies (Cilek et al. 1995) .
Two factors may explain the high susceptibility to diazinon observed in this study: low OP use and the presence of pyrethroid resistance. History of insecticide use for the last 10 years where horn flies were sampled in this study included pyrethroid applications (variable frequency) by using backpack sprayers. Only three sites (Estância Lagoa Vermelha, Fazenda Flor da Serra, and Sítio Cruzeiro do Sul) recorded some OP use (coumaphos, in mixture with pyrethroids) but in low frequency during the last years. Pyretroid resistance suspected by most producers was later confirmed by bioassays (authors information, unpublished data) which also may explain the high susceptibility found to diazinon (Sheppard & Marchiondo 1987 , Cilek et al. 1995 . It should be noted that one of the lowest susceptibility to diazinon was found at "Fazenda Nhumirim", an experimental station of Embrapa where horn flies on cattle have been maintained without pesticide exposure and fly population is highly susceptible to pyrethroids.
A mortality of 96.7% was observed in flies from the susceptible reference colony after a 4h-exposure to the top concentration (1.6 µg/cm 2 ). This finding seems to be in agreement with the discriminating concentration (1.72 µg/cm 2 ) proposed by Barros et al. (2001) , in which a 100% mortality was observed in flies from the same colony exposed to a similar period. In this study, not a single fly from the wild populations survived the 1.6 µg/cm 2 concentration after a 4 h-exposure, strongly suggesting the absence of resistant individuals in all tested populations. This finding confirms the high susceptibility to diazinon measured by the 2 h-bioassays in those populations. Despite methodological differences, this high susceptibility to diazinon found in horn fly populations in Central Brazil was also observed in Southern Brazil and Argentina (Guglielmone et al. 2000) .
The history of insecticide use and bioassay results indicate that diazinon, as well as other OPs, can be an useful tool for horn fly control and resistance management, particularly in pyrethroid-resistant populations. Diazinon ear tags and a pour-on formulation were recently introduced into the market for horn flies in Brazil. Care should be exercised to avoid early development of resistance to diazinon, as reported somewhere else after four years of ear tag use, and which may lead to cross-resistance to several OPs (Barros et al. 2001) . Thus, it is paramount to avoid the indiscriminate use of diazinon to preserve not just the insecticide itself but the high efficacy of the entire OP class.
